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In view of the vast amount of data accumulating from Alouette, 
the Canadian Topside Sounder Satellite (Chapman, 1963), it is 
highly desirable to establish the accuracy of this technique by 
comparing the electron density proliles obtained by Alouette 
with similar data obtained independently. This accuracy affects 
the geophysical interpretation of the data as well as the possi- 
bility of using the topside sounder to calibrate ground-based 
techniques such as the incoherent backscatter radar. There are 
two possible sources of errors in the electron density profiles 
derived from topside sounders. The first one is associated with 
the method of converting the observed ionograms to true-height 
profiles. It has now been established that topside profiles 
agreeing within + 5 per cent in electron density (or within 
- + 15 km in terms of altitude) are obtained by uskng various 
methods of analysis which 'differl significantly from each other 
in their underlying assumptions. A more serious problem is the 
uncertainty due to possible deviations of the propagation paths 
from the assumed vertical. 
propagation is quite obvious from ionograms whose analysis yield 

- 

In some cases the presence of oblique 

absurdly low values f o r  the height of the F2 maximum. However, 
in the general case it may be quite difficult to assess the 
contribution of ray bending to the observed virtual depth and 
the resulting true height profile. Even matching topside and 
bottom soundings at the same location cannot quite resolve this 
uncertainty because the height of the F2 maximum (which is common 
to both observations) is the least accurate point determined by 
either sounding technique. 

. 



- 2 -  

A much more s a t i s f a c t o r y  test  of t h e  accuracy of t o p s i d e  
sounder measurements is t o  ob ta in  a t o p s i d e  p r o f i l e  a t  t h e  same 

. t i m e  and l o c a t i o n  by an independent and r e l i a b l e  technique.  Fbrd 
t h i s  reason  an ARGO D-4 rocket  (NASA 8.14) was launched from 
Wallops I s l a n d ,  Va. on J u l y  2 ,  1963 t o  i n t e r s e c t  t h e  Alouet te  
o r b i t .  
independently t h e  charged p a r t i c l e  d i s t r i b u t i o n  i n  t h e  tops ide  
ionosphere.  The e l e c t r o n  dens i ty  was measured by t h e  w e l l -  
e s t a b l i s h e d  two-frequency CW propagation technique a s  used i n  
prev ious  h i g h - a l t i t u d e  rocket f l i g h t s  (Jackson-Bauer, 1961);  i n  
t h i s  ca se  us ing  24.5 and 73.6 M c  s i g n a l s .  The ion-dmsi ty  p r o f i l e  
was measured by an ion  r e t a r d i n g  p o t e n t i a l  experiment employing 
a p l ana r  i o n  t r a p ,  s imilar  t o  t h a t  used i n  p a s t  rocke t  a n d s a t e l -  
l i t e  experiments  (Donley, 1963; Bourdeau, Whipple, Donley and 
Bauer, 1962). 

This  rocket carried t w o  proven experiments each y i e l d i n g  4 

k 

The d a t e  and t i m e  of t h e  launching were s e l e c t e d  t o  provide 
adequate proximity for  a daytime comparison between t h e  rocke t  
and t h e  s a t e l l i t e  d a t a .  
requirements  could be m e t  only on t h e  2nd and on t h e  14th  and i n  
each c a s e  f o r  a 10 minute per iod  i n  t h e  l a t e  morning. I n  
a d d i t i o n ,  t h e  p r a c t i c a l  requirements of t h e  rocke t  f l i g h t ,  which 
y i e l d  a p r o f i l e  a long t h e  t r a j e c t o r y  r a t h e r  than  v e r t i c a l l y ,  
d i c t a t e d  t h e  need fo r  s t a b l e  and uniform ionospheric  cond i t ions  
i n  t h e  a r e a  over which the  comparison had t o  be made. The 
geometry and t iming of t h i s  rendezvous experiment is shown i n  
F igu re  1. Although t i m e  s imu l t ane i ty  of the measurements could 
not  be achieved f o r  t h e  e n t i r e  rocke t  f l i g h t ,  i t  is  seen  from 
F igure  1 t h a t  t h e  a scen t  da t a  a t  a l t i t u d e s  between 300 and 600 km 
(corresponding t o  t h e  a l t i t u d e  range i n  which t h e  rocke t  d a t a  a r e  
m o s t  a c c u r a t e )  were obta ined  wi th in  minutes of t h e  c l o s e s t  s a t e l -  
l i t e  d a t a ,  and a t  an  average ho r i zon ta l  d i s t a n c e  of about 300 km.  

The e l e c t r o n  d e n s i t y  p r o f i l e s  der ived from t h e  Alouet te  ionograms 

During t h e  month of July, 1963, t h e s e  

1 .  

. 
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were v i r t u a l l y  i d e n t i c a l  over the l a t i t u d e  range from 42ON Lo 

37'N showing t h a t  t h e r e  were no s i g n i f i c a n t  north-south g r a d i e n t s  
i n  t h e  tops ide  over a hor izonta l  d i s t a n c e  of a t  l e a s t  500 k m .  

I n  add i t ion  p r e - f l i g h t  monitoring of t h e  ionospheric  cond i t ions  
using bottomside sounders a t  Wallops I s l and  and a t  F t .  Belvoi r  
had revealed uniformity i n  t he  east-west d i r e c t i o n .  Thus i t  
appears t h a t  t h e  requirement f o r  a s t a b l e  and uniform ionosphere 
was f a i r l y  w e l l  m e t  during t h i s  t e s t .  This  f a c t o r  is a l s o  of 
importance s i n c e  another comparison was planned w i t h  an incoherent  
backsca t te r  measurement made near Boston, Massachusetts (42ON) 
by J. V. Evans.  

t h e  charged-par t ic le  dens i ty  p r o f i l e s  obtained by Alouet te ,  t h e  
rocketborne CW propagation and ion t r a p  experiments and t h e  
ground-based incoherent  backsca t te r  r ada r .  The rocke t  da t a  is 
most accu ra t e  f o r  ascent  and f o r  a l t i t u d e s  below 700 km, a s  t h e  
r e s u l t  of t h e  t r a j e c t o r y  achieved. Above 700 k m  t h e  h o r i z o n t a l  
component of t h e  rocke t  ve loc i ty  became l a r g e  compared t o  t h e  
v e r t i c a l  component, which reduced t h e  accuracy of t h e  rocke t  
da t a .  I n  t h e  case of t h e  CW propagation da ta  an o b l i q u i t y  
c o r r e c t i o n  has been made (Jackson and Bauer,  1961) which assumes 
t h a t  t h e  ionosphere is  s t a b l e  and does n o t  have s i g n i f i c a n t  hor i -  
z o n t a l  g rad ien t s .  Assuming an uncer ta in ty  of 10 per c e n t  i n  t h i s  
o b l i q u i t y  c o r r e c t i o n ,  y i e l d s  an e l e c t r o n  dens i ty  e r r o r  of 5 
per c e n t  a t  700 k m ,  i nc reas ing  t o  about 15 per cent  a t  860 km. 

Below 600 km t h e  es t imated e r r o r  is less than 2 per c e n t .  

1 

/ 

The r e s u l t s  of t h i s  tes t  a re  given i n  Figure 2 ,  which shows 

I 

The ion  t r a p  experiment y i e l d s  ion  d e n s i t i e s  from t h e  

measured c o l l e c t o r  cu r ren t  by assuming t h a t  t h e  rocke t  v e l o c i t y  
is l a r g e r  than  t h e  ion  thermal ve loc i ty  and t h a t  t h e  g r i d  
t ransparency for i o n s  is t h e  same a s  t h e  o p t i c a l  t ransparency,  
which is c o n s i s t e n t  wi th  r e s u l t s  of previous f l i g h t s  (Donley, 1963). 
The A.;aximum e r r o r  i n  ion  d e n s i t i e s  is about 5 per cen t  (due t o  
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c a l i b r a t i o n  and te lemetry s c a l i n g  accuracy) below 700 km and 
about 10 per cent  above 700 km.  The ion  d e n s i t i e s  shown i n  
Figure 2 inc lude  a co r rec t ion  which is requ i r ed  when t h e  ion  t r a p  
is not i n  t h e  d i r e c t i o n  of t h e  rocke t  v e l o c i t y  vec tor .  I n  t h e  

upper po r t ion  of t h e  t r a j e c t o r y  t h e  angle  of a t t a c k  of t h e  ion  
t r a p  becomes l a r g e r  and t h i s  angle becomes an important f a c t o r  
i n  t h e  a n a l y s i s .  The increased e r r o r  i n  i o n  dens i ty  above 700 km 
is due t o  t h e  unce r t a in ty  i n  our knowledge of t h i s  angle  of 
a t t a c k .  No ion  dens i ty  da ta  could be obtained below 367 k m  

due t o  s a t u r a t i o n  of t h e  ion t r a p .  

is much be t te r  a t  a l t i t u d e s  above 700 k m  than could be expected 
on t h e  b a s i s  of t h e  s t a t e d  u n c e r t a i n t i e s  of e i t h e r  measurement. 
However,this agreement must be  f o r t u i t o u s  s i n c e  comparison with 
t h e  tops ide  sounder a t  a l t i t u d e s  above 700 km r e v e a l s  d i f f e r e n c e s  
i n  d e n s i t y  of a t  l e a s t  10 per c e n t ,  a l lowing an unce r t a in ty  due 
t o  a n a l y s i s  a lone of about 5 per cent  i n  t h e  tops ide  sounder 
p r o f i l e .  A more s i g n i f i c a n t  comparison w i t h  t h e  tops ide  sounder 
d a t a  can be made below 600 km, where t h e  rocke t  da ta  is be l ieved  
t o  be c o r r e c t  w i th in  a few pe r  cen t ;  i n  t h i s  region t h e  rocke t  
and t h e  s a t e l l i t e  p r o f i l e s  agree w i t h i n  8 per cent  which is only 
s l i g h t l y  g r e a t e r  than the  combined unce r t a in ty  of t h e  two measure- 
ments. Although F2max was poorly def ined  on t h e  tops ide  ionograms 
obta ined  on t h i s  occasion,  t h e  height  of t h i s  peak i n f e r r e d  from 
t h e  Alouet te  da t a  appears t o  be t o o  low by a t  l e a s t  20 k m ,  which 

may be due p a r t l y  t o  e r r o r s  i n h e r e n t  i n  t h e  t r u e  height  a n a l y s i s  
and p a r t l y  t o  a propagation e f f e c t  ( s l i g h t  ray  bending).  

A normalized e l e c t r o n  densi ty  p r o f i l e  (N/Nmax) der ived  from 
incoherent  backsca t t e r  measurements, assuming t h a t  Te/Ti? t h e  
r a t i o  of e l e c t r o n  t o  ion  temperature is cons tan t ,  was supp l i ed  
b y  J. V. Evans. Th i s  normalized p r o f i l e  gave a he ight  f o r  t h e  
F2 peak almost i d e n t i c a l  t o  t h a t  der ived  from the  rocke t  da t a .  

The agreement between the t w o  rocket-borne measurements, 
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The backsca t te r  p r o f i l e  shown i n  F ig .  2 was obtained by 
a d j u s t i n g  t h e  normalized densi ty  p r o f i l e  a t  t h e  F2 peak t o  
agree with t h e  rocke t  d a t a ,  There is e x c e l l e n t  agreement between 
t h e  ad jus t ed  backsca t t e r  da ta  and t h e  rocke t  da ta  up t o  an 
a l t i t u d e  of about 450 km, implying t h a t  Te/Ti may indeed be 
cons tan t  over t h i s  range. The disagreement a t  higher a l t i t u d e s  
could be t h e  r e s u l t  of a height  dependence i n  t h e  Te/Ti r a t i o ;  
d e t a i l e d  information on t h i s  behavior must await  t h e  complete 
s p e c t r a l  a n a l y s i s  of t h e  incoherent backsca t t e r  da ta .  

p o t e n t i a l  s c a l e  shows an e s s e n t i a l l y  cons tan t  logari thmic s l o p e  
from about 275 t o  475 geopotent ia l  km, i n d i c a t i n g  an almost 
cons t an t  s c a l e  he igh t ,  H '  = k (Te + Ti)/migo. 
mean i o n i c  mass m is 16 over t h i s  he ight  i n t e r v a l ,  t h e  upper i 
l i m i t  of (Te + Ti) is 2500° - + 150%. 
s o l a r  decimeter r a d i a t i o n ,  t h e  n e u t r a l  gas temperature and t h e  
assumed equal  ion  temperature a t  t h e  t i m e  of t h e  t e s t  were 
es t imated  t o  be between 700 and 800°K. 
r eg ion  t h e  Te/Ti r a t i o  would be of t h e  order  of 2 .5 .  
of t h e  rocke t  and Alouet te  data  were made w i t h  model p r o f i l e s  
assuming a t e rna ry  ion  mixture i n  d i f f u s i v e  equi l ibr ium (Bauer, 
1962).  A d i f f e r e n t i a l  l e a s t  square computer a n a l y s i s  was 
performed varying t h e  fol lowing parameters:  T i ,  Te/Ti (assumed 
t o  be cons tan t  with h e i g h t ) ,  and t h e  i o n  concentrat ion r a t i o s  
of He /O 
km. 
and 800°K and f o r  Te/Ti r a t i o s  between 2.3 and 2.9.  
concent ra t ion  l e v e l s  i n f e r r e d  from t h i s  f i t  correspond t o  about 

P l o t t i n g  t h e  rocke t  da ta  and t h e  s a t e l l i t e  data  on a gko- 

Assuming t h a t  the 

Based upon t h e  f l u x  of 

Thus over t h i s  a l t i t u d e  
A comparison 

+ +  + +  
The b e s t  f i t  was obtained f o r  values  of Ti between 750° 

and H /O a t  t h e  re ference  l e v e l  of 300 geopo ten t i a l  

The equal  

- 560 km f o r  He+ and Of, and about 1600 km for H+ and He'. I t  
should be understood t h a t  t hese  numbers do not represent  a c t u a l  
de te rmina t ions  of t h e  t r a n s i t i o n  l e v e l s  ( s ince  Te/Ti'may be 
a l t i t u d e  dependent) bu t  r a t h e r  i n d i c a t e  t h a t  t h e  experimental  
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p r o f i l e s  a r e  c o n s i s t e n t  w i t h  a t e r n a r y  ion  mixture model. I n  
v iew of t h e  f a c t  t h a t  t he  experimental  d a t a  used f o r  t h e  model 
comparison a r e  f o r  a l t i t u d e s  l e s s  than  1000 k m ,  t h e  accuracy of 
t h e  upper (He+ t o  H ) t r a n s i t i o n  l e v e l  may be r a t h e r  poor even 
i f  t h e  assumption of a constant  Te/Ti were c o r r e c t .  
a n a l y s i s  of t h e  r e t a r d i n g  p o t e n t i a l  da t a  obtained during t h e  
rocke t  f l i g h t  i t  may be possible  t o  ob ta in  a l s o  t h e  v a r i a t i o n  
of Te w i t h  a l t i t u d e  a s  we l l  a s  some a d d i t i o n a l  information 
concerning ion  composition. When these  d a t a ,  a s  we l l  a s  t h e  
s p e c t r a l  da ta  from t h e  incoherent backsca t t e r  become a v a i l a b l e ,  
a more d e t a i l e d  i n t e r p r e t a t i o n  of t h e  charge dens i ty  p r o f i l e  i n  
terms of i ts s t r u c t u r e  parameters may become poss ib l e .  

+ 
From t h e  

The above d i scuss ion  i l l u s t r a t e s  some of t h e  l i m i t a t i o n s  
of t h e  tops ide  sounder da ta  and some of t h e  d i f f i c u l t i e s  encountered 
i n  determining t h e  b a s i c  geophysical parameters from these  
p r o f i l e s  without a d d i t i o n a l  information. From the  s tandpoin t  of 
accuracy however i t  can be s e e n  t h a t  t h e  tops ide  sounder p r o f i l e  
compares w e l l  w i t h  those of other  e s t a b l i s h e d  techniques.  I n  
view of i t s  broad geographic coverage, t h e  tops ide  sounder s a t e l -  
l i t e  appears t o  be t h e  most usefu l  t o o l  a t  t h e  present  t i m e  f o r  
t h e  synopt ic  s tudy of t he  upper ionosphere,  provided t h e  
l i m i t a t i o n s  of t h e  technique a re  recognized and proper c a r e  
i s  exerc ized  i n  t h e  a n a l y s i s  and i n t e r p r e t a t i o n  of i ts da ta .  
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Figure  Captions 

F igure  1 - 
t 

* 

Figure  2 - 

Geometry of t h e  experiment. The heavy po r t ion  of t h e  
NASA 8.14 f l i g h t  pa th  i n d i c a t e s  the h o r i z o n t a l  range 
over which t h e  a scen t  rocke t  d a t a  was for a l t i t u d e s  
between 300 km and 600 k m .  Crosses  on t h e  Alouet te  
f l i g h t  p a t h  i n d i c a t e  loca t ions  and t i m e s  corresponding 
t o  s a t e l l i t e  soundings used f o r  t h e  comparison. 

Comparison of charged p a r t i c l e  p r o f i l e s  ob ta ined  by 
r o c k e t ,  s a t e l l i t e  and ground-based incoherent -backsca t te r  
measurements. Experimental errors i n  t h e  rocke t  and 
s a t e l l i t e  d a t a  a r e  d iscussed  i n  t h e  t e x t .  
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